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ABSTRACT

A laboratory model surface removal tool was constructed
which combined a flame treating burner with a rotary wire
brush. Tests were conducted with this unit (identified as a
Flaminator) on various types of both contaminated and uncon-
taminated samples to establish specifications for the various
components.

A completely pcrtable experimental field Flaminator was

constructed to meet these specifications and for evaluation at
a nuclear weapons proving ground.
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SUMMARY

The Problem e

The purpose of the present work is to develop a machine
which combines flame treating and surface removal in a
single unit for decontaminating porous surfaces.

(3

Findings

Various commercial units were tested as possible compo-
nents of such a machine. The most satisfactory units were
selected and combined into a working model.
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ADMINISTRATIVE INFORMATION

This work was carried out during the period January to
November 1951 under the sponsorship of Bureau of Ships,
Project No. NS 086-001, Sabtask 1.4, Technical Objective
AW_.5¢c, as described in DD Form 613, dated 1 May 1952,

The Flaminator was devised for use in the recovery of
concrete, asphaltic concrete, and wooden surfaces, contami-
nated by fallou® from a nuclear Zctonation. Results of subse-
quent tests?® indicate that the flame treating method of
decontamination is impractical for military recr~ery opera-
tions. However, peacetime application of nuclear fission may
present many decontamination problems which are quite
different from those encountered in the recovery of military
installations, Flame treating may be useful in some of the
peacetime recovery operations. It is in this light that the
report is now published.
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N.J. Vella for t. zir assistance in the tests conducted at NRDL.
They also thank Roy Zimmer of the Victor Equipment Company,
San Francisco, for his helpful suggestions and aid in the design
of an oxy-propane burner from standard equipment and the loan
of various types of burners,
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1. Introductioa

It was observed that an oxy-acetylene {lame, used in metal cutting
aboard the USS INDEPENDERCE after its return from Oparation CROSSROADS,
caused the surrounding a*=mosphere t0 become contamineted. Preliminary
investigations of flame treating comtamipated wood samples indicated that
the raaiocactivity was cerrled away by volatilized material or the smoke
particles. Flame treatment was first used in an actual decontamination

opcration on the bare concrete floor surfaces of Bldg. 223 of the Treasure

Island Damage Control School following.a radium spill on 18 January 1950.
Liquid cleaning methods were ineffective on these surfaces but burning or
dehydrating reduced the radioactivity hy 15 to 50 per cent of the
ariginal count'}). The count vas reduced to background vhen the burning
vas followed by hand wire brushing.

Plame cleaning is essentially a surface removal method of decontamina-
tion particularly vhen followed by vire brushing because such brushing
actually removes a layer of the surface. The equipment used in flame
treating the floors of Bldg. 223 consisted of a 4-in. oxy-acetylene de-

scaling nozzle, ~ collection hood connected to a vacwum cleaner and a hand

L

vire brush. The degree of decontamination effectiveness attained with
these separate pieces of equirment suggested that they should be incorpor-
; ated into a single device. This device wvas later named a Flaminator

; (Flam/e + Decontam/inator).

1.1 Objectives

The purpcse of this investigation was threa-fold: firsi, to develcp
and test an experimental Plaminator for use on samples approximately 1 eg

7% in area; second, toc ascertain the airborne hazard created by the

CEFICIAL USE gHLI
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sorzle which ved sdjusta¥le to diffsrent heights ebove the iest surrave
a3 at & 90°, WSS, 0% or 15% position in efther the forwerd ar beckvard

d3restious. The brush wount wae ori3inally designed to “loat ins<de ~he

Hood vith the veight of ihe driving motor resting entirely on the brush.

This demign ves ' aier modified by securing the motar to the hood and

Ty alng,.e chster 20 & spring voust at the rear. Adiustment om
e apdng motat permitted viristion in the lced on the brush. The
smount of ‘af¥ vhich entered the .mcmms hood was controlied by regulating
ike clSarance between ihé hood and the test mi-Tace. The vectmms hood ves
divided intoc tvo cazpartaeuka, one v the burner and ome ©3r “he drush.
TnitZlally a 1-1/ ~in. vacuux linme Wat cornected to each somperiment but
tis was replaced with 3;.{:3:"115&5 Pitted with Butter?ly valves o resrn-
sow he alr Tlow 40 each asocpartment (Fig. 2).
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Pig. 2 Laboratory Flaminator in Operation

tank and blower as shown in Fig. 3. This vacuum cleaner had & capac

of 15C to 25C cfm of fre2 air and artu: Sin. cf Hz in a closed systez.

dust collector was a canvas bag inverted in a cylindrical tank. The

unit was connected to the surface removal head with 12 it of 3-in.
hcse.

2.1 Burner Evaluation

In all decontamination operations, the speed of operaticn is a

prime consideration. The speed of operating the Flaninator is mainly

Jependent upon the efficiency of the burner, so a study was =ade tC

~ine what type burner would be most satisfactory. In the selecticn
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most efficient fuel and burner for use in the Plaminator the fclloving
properties were considered:

(8) Maximm flame temperature and calorific vaiu2

(v) High flame propagation rate, thus permitting rapid fuel

conswption and high Btu ocutput
(c) High velocity flame to give a sweeping acticn vhich would
remove loose radiocective particles froa the surface.

Table 1 1ists a number of cammercially available fuels together with
their essential characteristics. The calorific value of all the
hydrocarbons listed are very resrly the same, with the exception of
hydrogen. Bydrogenmnotconsideredformeinthe?lmimt;:rbecause
there are no suitable commercial burners and it is very haza~docus.
Acetylenehasthehighestﬂmtmtureoftheruehlistedapdm
commercial burners are readily available. Another important property
tobecmideredinthedesignofportableequimtisthevei@tof
storage tanks and space requirements. Acetylene is dissolved in ace-
tone under relatively lov preesures. The entire contents of the storage
tanks can not be used dbecause of the danger of drawing off acetone.
This fact makes it necessary to manifold several acetylenme cylinders to
mJ.ntainthesauhighﬁnlccnsmtionthatcauldbehandledbyasingle
cylinder of liquid petroleum gas, such as propane, which is compressed at
high pressures. Thus despite the 10 per cent lower Zlame texperature
which the table indicates for propane, this fuel appears highly practical
for tke burmer of a portable Flaminator.

2.1.1 Qualitative Burper Tests

Qualitative tests were made on +he varicus burners listes in Table
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2 by observing their effectiveness in charrinz wood, sof-ening zsphalt o2

spalling concrete, The gas consumption or flov rates during taese *es5is

were determined with & “Plorator”, calitrated for ace ylene or propane apd
oxygen or compressed air. All of tbe burpers are standard productiion unize

wvith the exception of No. 10. The Victor Eguiprment Cormany oede -<his
buraer by modification of a standard oxy-acetylens descaling nozzle. The
flame orifices were counterbored to 2 depth of 1/16 in. w0 insure oropa-
gation of the lower velocity oxy-propane flape.

Pour burners, Bos. 6, 8, 5 and 10 of Table 2, were chosen for ibe
subsecuent quantitative burner tests. Burners No. 6 and 8 vere the most
satisfactory of ‘he Bunse: type (induced-air) burners tested. The princi-
pal advantage of this type burner for the Fizminator is that it elixinates
the necessity of carrying oxygen cylinders. Bwrner No. § {an acetylene
burner) produced a mediun temperature, lov-velocity 2-ip. flape. The
chief disadvantage of this burner ic its lowv Leat cutput. It gave savis-
factory charring of wood and scftened asphalt, but did aot produce onncrete
spalling. Burner No. 8 (a propene burner; produced 2 mediun ‘esperature,
lov velocity round flape with a very long immer cone. The flsme tended -o
flare ocut or contact with a surface sc thst its heatr transfer efficiency
was poorer than many of the other burnmers. The large hemt cutpat of <his
burper gave good charring of wood s’rd softening cof asphelt, btut was izm-
sufficient ‘o spall concrete. The axy-aceiylene Yurper Neo. $ was ~hosern
vecause of its high temperature, high velocity flame and officient cpers-
“ion., It was similer 4c Bwmers No. & and No. 3, in syeraiicn, Yus It owas
cteaper apd nore readily avallable. Az Sbvicus adventace of the oxy-propane

turrer. Xeo. 10, vas I8 ease in lighting and appsrent wnide infloreunriiicose

A T o ] r - - -~ e .
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range. Qualitatively, the oxy-acetylepe and axy-propere burners appeared
equally efficient in flame treating wcod, ssphait, and concrete.

2.1.2 Quantitative Burner Tests

Three quantitative tests vere conducted on the selected buruvers.

(a) Determination of maxi™me Temperature produced vhen enclosed
in the moving Flaminator.

(b) Determine the optimm gas rates of the oxy-propane burner by
noting the time required to heat a steel block through a
specified temperature range.

(¢) Determine the relative effectiveness of the burners under
various conditions by comparisou of degree of wood charring.
(a) Temperature Tests

The Plaminator, fitted with various burrers adjusted at

various angles and heights, vas run bdack and Zorth across a vood surfa-e
L £t by 8 £t until the temperatures in the hood and vacwux system reached
a maximum. The brush vas =20t used in these temperature tests. “he temper-
atures were recorded every 30 sec until they reached a maximom and
leveled cff or the burner dlew out. The results of the temperature Lests
a.re'listedin'l‘amz} These tests indicated that the oxy-acetylene buruor
was unsatisfactory vhen eocclosed by the hood because of <he ever present
danger of flash back. Although it is unlikely that the flame would tlow
back beyond the oxygen and scetylene mixer, the blow backs prevegt can-
sistent and relia>le cperation of the Flaminator.

Blcv becks were apparently caused by the burner head and its pipe
connecticns becoming hot enough to ignite the acetylene before it reached

tne burzer tizs. Thermocourle ¥o. I wvas loca<ed i1n a hoie Yored in *he

11
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barner heed and provided en indication of the <emperatuve rise, Al 11 wuS
ot properly located tc give the maximmx terpereture of ibe Tuxner Zeed.
The burper nhead vas heeted nore rapidiy vihen it vas close -0 ~he fiocT. At
a height or 3/i6 0 3/8 in. above the floor, blow beck ocour—ed afier omiy
1 to 3 min (Prms T7-8, TT-9 and TT-10; Tabdle 3}, and <hermoccigle 5o.
reached a tempersture of 600 to £50°P. Wher e burrer wes reised <o 4
height nf /16" po blov back sccurred ard 7 min vere reguire2 fcr <he
burner head to reach its maximm tenperature of 330°F {Bwm 2T-11}. The
burner Liesd resched s temperature of 705 anZ 785 F respectively vithout
blow backs occurring in TT-15 and T¥-16. In these *wo tests the high gas
rates gave a very loog flame that was dreve back inio the Lrush campart-
mutanddidnot"leak'backandlnatthe@slimasm;mﬂtham
flame. In the case of the short Ziame the xarer rediator {cooling sectica
Joining the bwrner head <o the iipe) and sas lines vere heated *c & zigh
temperature by direct contact with the Zlame. The cxy-acertyleme uroer
vas less susceptable <o blow backs vhen moumted it the 357 positiom (Piz.
4j. Under such condition the fisme was pulied along the surfece by <he
combined action of the woving Fismirator amd +he veowzm.

The axy-poopane burner vas far suoerior <o the mxy-aceivylens irrer
because *here vat oc dsnger of “1ov backs eaxnd the ji®fererce in taeir
Tlaze “erperatures as ;Tesexted in Table I Iz belileved o Ye imsismificess,
The burner head temperatires in Rum T7-02 and T0-2% wvere 1015 and L0400F
respeciively without biow acks ocowrTing. o oiter mmics tTotlem

evolied 25 a8 ronsequence of ernclosing the oxy-roopane Tuymer irnside <he

. A
RIS D .

The wime Urush was socn dzzmaged by direct SoUtElT with tre Tlame
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Fig. 4 Underneath view of Flamina‘or with burne:r ncunted

at 45° angle (shows vacuum drawing flame iIntc

Burner Compartment, but away from 3rush).
but this could Ye rem2died by increasing the disiznce tetween tre biuraer
and drush. Tke maxi-um temperature of Lsso 7 maintaired at the vacuwx
hocd outlet (Thermocouple No. 3} indicnted that a reial flexihie hose was
aneeded in place of the rubber one. Also the tempera“ure of *he gases
entering the filter [Thermocouple No. 5} exceeded the values recorrended

for this type of filter.

(v} Optimum Rotio cf Oxygen to Propane

In the determination of the cptimm gas rates for -he

v

oxy-prepane oerzer, 1t was mounted in a fixed pesiticn above = steel

<

slock (/2 in. Bv¥ 2 in. by S in.) intc which wzs ec—bedded a chrocel-
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alumel thermocouple. The propane rate wves sd’usted <0 a8 given vrlue
and the coxyger rate wvas varied over a wide razgze. The tize 20 bheat the
blmkﬁusmwlﬂfrmmudformhmgeamu. The propane
rate vas changed and the process repested until the propane rate had been
varied vithin saximm and minimms limits. The results of <hese tests are

presented in Table b and Pig. 5.

TARIE b Oxygen/Propane Ratice

OXYCY /PROPANE  FLOW RATE 74me to beat sample from 520 to 1555°F
RATIO (ctm) (sec) '
3.19 0.h82 8.
3.70 0.h82 &.5
3.90 0.h82 63.
3.60 0.386 73.
h.12 0.386 69,
.40 0.386 71.5
4.70 0.386 8.
3.10 0.322 10%,
3.70 0.322 81.
h.ho 0.322 T5.5
L.65 0.32 79.5
3.10 0.258 122,
3.9% 0.258 90.5
4.30 0.258 88.
L.70 0.258 8.5
5.00 0.258 8.5
S.ko 0.258 28.
3.190 3.193 160.
k.10 0.193 118.
L.T0 0.193 ik,
5.20 0.193 123,

The minimmx time required to heat the steel biock +hrough the giver

temperature range is a 2easwure of the efficiency of *he flame. The
oxygen—to-propane ratio reguired for +his airimz heatd iloe is ke
15
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(c) Burner Effectiveness Under Variocus Conditicms

Wood charring standards wvere rrepared vitk the Plaxicator

Wk 4R

LT L B, T AR, | SR R

equipped vith the ocxy-acetyleme tarner mourted =t 2 55° argle, 1/16 4a.
above the surface of the sample ind consumirg cxyyen at 2 :ete of 0.65 o2z,
The Flamipator vas rur acroes four vood samples at each o7 tbe followirg
aprroximate speeds: 0.60, 0.30, 0.15, 2nd 0.08 f¢t/sec. The Cegree 7
charring on each of the samples was ardbitrarily desiznated ss charrisng
indices 1, 2, 3 and 4. These charring indices are skovr in Pig. 5.
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Wocd charring tests were made with the oxy-acetylene, oxy-propane,
acetylene-induced air, and propane-irduced air burners adjusted to
different heights, and at different angles and using different gas rates.
The degree of charring on the sample was compared to the four standards,
visually, by three investigators. A degree of charring that fell between
two standards was estimated to the nearest 1/10 po.nt. The degree of
charring is a measure of the effectiveness of flame treatinz wood sur-
faces and depends upon such factors as the speed of operating the Fiam.nm-
tor, heat output of the burner, pcsition of the burner relative to the
surface being treated and the vacuum being applied to the collecting hood.
The results of the charring tests are arranged in Tatles 5, 6, 7, and 8 for
quick comparison of the effects of the variables.

The speed of operating the Flaminator and the heat output of the
burner affected the degree of charring more than any of the otaer variables
considered. It is desirable to operate the Flaminatsr at the highest
rocsible rate that giées the most effective charring; however, the oper-
ating speed is limited by the maximm useable heat ocutput of the burner.
Table 5 shows that the height of the burnsr sbove the surface does not
affect the charring as much when the burner is in the 90° position as
vhen it iu in the 45° position. At the higher gas rates,where the heat
output is greater,the height of the burner above the surface did not
influence the charring as much as it did with the lower grs rates. The
heat output of the burner must be held within definite limits “o avoid
excessive heating of the Flaminator parts, the vacuum systen and filter.
Table 6 indicates that +the degree of cha~ring is directily prorortiona) *o

the ETU output of the durnmer. Tatle T shows that the degree cf charring

18
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% TABIE 5 ZREffect of Burner Height on Wood Charring
b ) Burner Flaminator  Theoretical
b (1n) Burper Angle (1¢/sec) (Btu/hr)
¢ . sta A 1/16  Oxy-Acetylemne  545° 0.08 5k, 500
% CT 12 3/16 o
i CT b4k 1/16 Oxy-Propane ks 0.08 68, k00
i 67 1/8
56 3/16
cr 52 1/16 Oxy-Propane bs° 0.08 24,300
53 3/16
Sta B i/ Oxy-Acetylene L5° 0.15 £k, 500
§ cr 11 3/16
2 cT 59; 1%.6 Oxy-Acetylene 90° 0.15 Sk, 500
p 1
¥ 26 3/16
% cr 33 1/16 Oxy-Propane 90° 0.15 63,900
ks % 316
£ " ecr 3 1/16  oxy-Acetyleme 450 0.15 70,400
H 6 3/16
-3 sta ¢ 1/16 Oxy-Acetylene 450 0.30 5k, 500
7 cT 10 3/16
s cr 18 1?%6 Oxy-Acetylene 900 0.30 Sh., 500
f 15 i
21 3/16
cr 29 1/16 Oxy-Propane 90° 0.30 53,200
o 3/16 51,700
LT B3 1/16 Oxy-Propene bso 0.30 68,400 2.0
51  3/16 1.5
Cr 48  1/16 Oxy-Propane k50 0.30 £1,700 1.7
&6 1/8 1.5
cr 62 1/8 Oxy-Prorane k50 C.30 97,200 3.0
58 3,16 2.5
Std D 116 Oxy-Acetylene 50 0.60 54,500 1.0
CT 9 3/:6 1.3
cr 1 1/16 Oxy-Acetylene 45 0.4 70,500 1.7
8 3/16 1.5
cr o7 1/16 Oxy-Acetylene 90° 0.60 5k, 500 1.5
16 1/8 1.3
22 3/1 1.2
°T X 1/16 Oxy-Propane 30° 0.60 ©3,200 1.1
3% 3,16 Si,T .3
i9
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TABLE 6 Bffect of Heating Rate and Flaminator Spesd on Wood Charring
retical Burner Flawipator
: Heating Rate Height Burner Speed Coharring
Sarpie (Btu/Hr) Burner (in) Angie (2+/sec) Index
cr 26 2k,300 Oxy-Propane 1/16 90° 0.08 3.3
27 53,200 k.0
34 69;9“’ b =
CT 52 2k, 30 Oxy-Propane 1/16 45° 0.08 2.8
50 51,700 3.8
Ly 68,400 'y
CT 52 2k, 300 Oxy-Propeane 3/16 45° 0.08 0.0
5k 51,700 Partial Burn
56 ’ 3.7
Std B 54,500 Oxy-Acetylene 1/16 45° 0.15 3.C
cTr 3 70,300 3.8
CT 25 24,300 Oxy-Propane 1/16 90° 0.15 2.¢
28 53,200 3.5
33 69,900 3.5
cT 66 68,400 Oxy-Propane 1/8 hs° 0.15 3.5
cT 2L 23,300 Oxy-Propane 1/16 9P 0.30 1.3
29 53,220 2.2
32 69,900 2.0
cT e 51,700 Uxy-Propane 3/16 90° 0.3 2.2
37 69,90C 2.8
CT S5 2k, 300 Oxy-Propane 1/16 us° 0.30 0.7
L8 51,700 1.7
b3 68,400 2.0
cr 57 68,500 Oxy-Propane 3/16 45° .30 1.5
58 97:2w 2.5
cr 69 51,700 Oxy-Propane 1/8 45° 0.3 1.5
€5 68,400 2.2
62 97,200 3.2
cT 69 51.700 Oxy-Propane 1/8 4sC C.30 1ok
65 68,400 2.2
Std D 5u, 500 Oxy-Acetylene 1/16 4s° 0.6C 1.C
ct 1 70, 400 1.7
CT 9 5h, 500 Oxy-Acetylene 3/16 45° 0.60 1.3
8 T70,4C 1.3
cr 23 23, 30¢ Oxy-Propane 1/16 90° 0.60 0.3
B\ 53,20 1.2
52 69,300 1.L
cT 32 51,700 Oxy-Propane 3/1 a0° 0.60 1.3
CT 47 11,700 Cxy-Fropane Lig 45C G.&0 c.8
46 ‘\9.3&00 ;':: 1
oo Eh o BBL0 Oxy-Propane 1/8 u5° .60 e f
£3 a7, 200 2.8 'f

88 ONLY
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TAHIE 7 BEffect of Burner Angle on Jood Charricg
Burner Flaminator Thecretical
Burner Beight Sez2ting Pate CheaTiog
Sample Angle Burner (in) (2t /mec) (3/Er) Index
CT 26 90°  Oxy-Propsne 1/16 0.08 2k, 300 3.3
2 §5° 2k, 300 2.8
cT 27 90°  Oxy-Propsne 1/16 0.08 53,200 5.0
50 bs° £1,70 3.
Cr 3 0°  Oxy-Propane 1/26 0.08 69,300 ko«
9% k5o €8, 100 5.0
Sta B 450 Oxy-Acetylene 1/16 0.15 sk, 500 3.0
cTt 9 o0° Sk, 500 3.0
cT 28 90°  Oxy-Propane 1/16 0.15 53,200 3.3
ko k5° 51,700 2.0
CT 33  9°  Oxy-Propaze 1/16 0.15 62,500 3.5
a5 h50 62,500 2.2
sta ¢ L0 Oxy-Acetyleme 1/16 0.3 5%, 3500 2.0
cT 18 90° 5%, 500 2.5
CT 0 as®  Oxy-Acetyleme 3/16 0.30 £k, 500 .3
21 ¢ 54,500 2.0
cT 29 x° Oxy-Acetylene 1/16 0.20 53,200 2.2
48 450 53,700 .7
&3z e Oxy-Acetylene 1/16 0.3 59,900 2.0
43 A5® » 500 2.0
o8 L45° 68, %00 3.5
o o2k ao° Oxy-Propane 1/16 0.0 25,300 1.3
Si hs© 2k, 300 0.7
cT 3 09 Qxy-Prorane 3/16 0.30 59,300 2.8
= L5¢ 58, 300 15
Std D e xy-Acetylene 1/16 0.50 5%, 300 .0
o i a0° 5%, 500 1.5
oy 3 L50 Oxy-Acetylene 3/:6 0.60 =k, 300 .3
2 900 Tk, 500 1.2
foy S o' ayc Qry-Propane 1/16 0.50 53,200 i.l
L7 §5¢ 53,700 s.8
o
T 2 Oxy-Propane 116 Cc.50 $3.900 1.5
6 %5 68,500 1.5
21
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TABIE 8 Effect of Flaminator Speed on Wood Charring

A e — ——————" -

o

Y

BPOLCHEOHRERA TSP i, S A S TR Gt S0 30 L

Flawmina oy Burner Theoretical
Speed Beight Burner BHeating Rate Charring
Sample (ft/sec) Burner (in) Angle (Btu/Hr) Index
8td A 0.08 Oxy-Acetylene 1/16 4s© sk, 500 4.0
B 0.15 .0
c OOw .o
D 0.60 1.0
CT 4 0.08 Oxy-Acetylene 1/16 450 70,4C0 b+
3 0.15 3.8
2 0.30 2.6
1 0.60 1.7
CT 5 0.08 Oxy-Acetylene 3/16 hso 70,400 L
6 0015 3‘5
7 0.30 2.5
8 0.60 1.5
cT 12 0.08 Oxy-Acetylene 3/16 4590 sk, 500 3.6
11 0.15 2.5
10 o, 0. 1.3
9 0.60 1.3
CTr 13 0.08 Oxy-Acetylene 1/8 90° ck, 500 4.0
1% 0.15 3.0
15 0.3 2.2
16 c.60 1.3
CT 27 0.08 Oxy-Propane 1/16 90° 53,200 4.0
28 0.15 3.5
29 o‘p 2.2
30 0.60 1.1
CT 50 0.08 Oxy-Propane 1/16 +5° 51,700 3.8
L8 0.30 1.7
b7 0.60 c.8
CT 90 0.08 Oxy-Propane 3/32 45° 53,200 b+
91 0.15 3.S
92 0.30 2.7
93 0.60 - 1.8
22
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vas slightly less with the burner mounted at the 45° position than at the
90° poeition. This slight advantage in charring effectiveness is Out-
weighed by the excessive heating of the burner and gas lines vhen the
burper is vertically mounted.

The oxy-propane burner gave charring indices slightly less than
those obtained with the xy-eacetylene hazner, but the adventages pre-
viously listed for propane outweigh this slight difference. Compare
Stds. A, B, C and D with CT-7, &8, k9 and 50 in Table 8.

2.2  Surface Rewoval Tool Tests
A rotary vire brush was chosen as the surface removal tool for ‘he

laboratory Flamipator. Tests vere made on vith-grain and croes-grain
wood samples to determine the effect of the following variadbles:
Brush Construction Type - Xnot or solid £i11 wire brush

VWire Diameters - 0.005, 0.0118, 0.01L
and 0.016 in.

Brush Speed Rotational - 1400 to 1900 rpm
Linear 0.08, 0.15, and 0.30 £¢/sec
Brush Loading 5 to 55 1b.

YWood samples were made up of clear selected Douglas Pir and
finished to a size 1-5/8 in. by 3-5/8 in. by 12 in. BHalf of the samples
vere cut vith the grain running lengthwise (with-grain samples) and
half wvere cut or assembled from gluc. sections with the grain running
crosswise (cross-grain saxples). The samples wvere placed ir a floor
vell and the Flaminator towed across thex at the desired lipear speed.
The towing device (Pig. 7) consisted of s constant speed shaft around
which the towing cable was wound. The speed of this shaft was regulated

oy 8 variable speed torgue coaverter attached to arn eleciric motor.
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Fig. 7 Towing Device for Laboratory Flamiratc

3

The btrush loading was determirsd cn an 2specially rigzed zlat-
form scale. Supporting plates wvere secured to the sides =7 3 szt~ xdard
platform acale so that the wheels of the Plaminator were in the sare
plane as the platform with ozly the brush touchieg it. Jarying the
tension oz the rear wheel mounting stricg clhanged the brush Loading
which could be measured can the scele.

Before and af<er each suriace rexcva’l test the th.ckness cf =he
senples were measured with a surface plate and a dial i{nd:ica*ovr

atvzached 1o 2 swfoces gagse. Each famnle vas meved acTons tne aurfnnce

- P PR N T N~ 3 — e A ’ - 9
ziate with ithe dial icdicator point resticg on the sarple oirfivve (P 27,
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Pig. 3 Measuring Surface Remoral

A zaximxm and zinirmm readipg vas recorded &nd 2150 an average was
+taken as the sample was acved uxder the dipl indicator.

The results of the vith-gr&i= tests are jmesezsed ir Zeble 2
and *hese for cross-grain fa2ste In Table 10. The lineexr speed of the
Fiaminator affe-ted “‘he axount ¥ suarface remoral oore than amy oF
+he otrer varisbies considered. Dz2ta in Tehlies 3 and IU show ~hes
¥t to 75 per cent dore swlince wes removed wvhen the Inesr speed was

~educed by a factar of 2.

The elfert of wire dlareter Is very siignt In
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of all the brushes tested. Although surface removal reasurenents
obtained with this brusk were gbout the saie & with other vwire
diameters, the actusl amount of meterial removed by the 0.0C5-in.
diameter wire brush was much less beceuse this brush did aot dig into
the soft portions of the wood or comt the surface.

Little difference was noted in the results obtained with the
knot-type brush and those with the solid-fill brush. Insufficient
tests were made to drav any definite conclusions on the efficiency
of the two ®brushes but the solid-wire brush 4id not cut deep grooves
and left the surface much smoother.

Insufficient tests were run to conclude definitely that higher
rotational speed of the brush increases the amount of surface removal;
hovever, compariscn between BT-83 and BT-85 and also between BT-82
and BT-84 shows hat a brush rotational speed of 1900 rpm gave &6 %o
75 per cen* wore removal than a speed of 1600 rpm.

The effect of brusk loading om surface removal varies with the
linear speed of the Flaminator. With-grain samples BT-37 and BT-43
show a 45 per cent incrense in surface removal by increasing the brush
loading from 5 to 10 1b when the linear speed of the Plaminator was
0.08 ft/sec. Orn cross-grain samples BT-38 and PP-4i the increase vas
52 per cent for brush loading from 5 to 10 1b. VWhen the Plaminator
wvas operated at 0.30 f£+/sec increasing the brush lcading from 5 to 35
1b increased the amount of surface removed very slightly.

-0 Tables 2 and 10 it vill be observed that 50 to 70 per cenz
moTe surface was removed 1ln crcas-grain travel than in with-grain

travel.

- mm we = e = . -
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2.3 FPlexivator "Init Testis

Wood samples similar to those used in the previous tesils vere Ziven
a combined flame end vire brush trec*—ect vith the Flazirator Iitted vith
the oxy-propane burper and various type dbrushes. Operating cocaditicons
were chosen to produce a %o. 3 char. The chexring tests indicated that
this degree of charring dehydreted ithe wood Lo & resscnsble depth and
that additicmal charTing recuired an encrmous increase in the beat cut-
put o the burner to overcame the insuleting effect of the charred top
layer. The burner vas set at a b5° angle, 1/6 :n. from the surface and
the Flaminator vas towed across the samples at a speed of 0.30 ft/sec.

A propane consumption of 0.68 cfm/min vas reguired tc produce the Xo. 3
char.

T™he resulis of tha unit tests are given in Table 11. 7Flane
treating increased the effectiveness of the swface removal umit by &
factw of 2 2o 7 in the tesis conducted. Surface remcwal with the 0.005-
in. disgmeter wire btrush ves increased Yy a fecior of 2 0 3 on with-
grain semples (compare “~st rums UT-15 and UT-17, Table 11 with IP-32,
Table 3). In cross-grain <ravel this same trusk remcved oore material
by a factor of 2 to & vwher preceded by the fleme. (Coxpare lest ruzs
UT-i6 asd UT-17 wvi<h 27-53). Flame treating .ocreased the effectivencss
Af the 0.0118-in. iiemeter rire brush by a2 fzctor 22 5 in ‘he with-grain
tests and by & Jactor of 2 it the cross-sv=in tests. {(Cxrare BT-100
vith UT-21 and BT-101 wish UP-22). The effec-ivensss of <ke 0.016-in.

diemeter wire brush wves :noreased by = Zacior oF 5 in the with-grain

[#]

Flaninzator test and o o “aotor of 2 In the sross-grain ‘es*s.

o nq L A2 & Semee e R SPR-S 3z . S e ~——- T e s -
Insufficient 4m°a were obeained <o dArmy am comalusion on ¢
S,
- i M by o SR - L
Ilaladn 23 0N LY
.2 = 2=z
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effect of brush mtationel speed on flame treated surfeces; however
this factor seems insignificant in comparison vith such factors as
linear speed and direction of trevel relation to the wood grain. Witk
grain ssmples UT-b and UP-6 showed an average removal of 0.029 end 0.012
in. respectively vhen operating at 0.12 ft/scc as :crpared to 0.009 end
0.010 in. on smsples U'T-9 and UP-11 when opersting at 0.30 2t/sec.
Cross-grein sanples UT-5 and UP-7 showed a removal of 0.021 and 0.020
in. respectively vhen the FPlaminator operated at 0.12 ft/sec as compered
to 0.011 avl 0.012 in. on samples UT-8 and UT-10 vhen the speed vas
0.30 ft/sec.

2.4 Recapitulation of Essential Features of the Flsminator

The foregoing tests indicated that the Flaminator can be developed
into a prectical flame treating unit for field scale operations. The
vacmm on the collecting hood should be applied at the rear of the burmer
comparteent and close to the surfuce being treated, thus drawing the
flame along the surface. The bhrush should be separated from the burner
by a distance sufficient to avoild dameging ths brush.

The axy-propans burner vas the best of the high tesperature burners
tested and was most effective when nounted 1/8 ir. abtove the suxface at a
55° angle in a direction opposite that of the iruvel of the Flaxinator.
The linear speced of the Flemipator should te between 0.15 and 0.30 f£t/sec
and the bDuwrner adjusted to give charring squivalen: to tde No. 3 cherring
index.

Wire brushes mede of vire heving 0.010- to C.016-in. diameters
were mngst effective in removing weod surfaces. Viree of smaller dismeters

wers doatfective and laxger ones cul the surfeczs hedly, The rotationsl
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speed of the brushes should be sdbout 1500 rpm.
Flame treatment increased the effectiveness »f surface remnval with

a vire brush by a factor of 2 to 7. In all instances <he greater surface

removal occurred vhen the unit was operated cross-grain.

3. Airborne Bazard in Plame.Treating Rsdicactively Contaminsted Surfaces

Before procecding with the construction oan field scale Plaminator
it was necessary to consider the possibility of ﬁn airborne nazard being
creatsl by flame treating radiosctively contaminated surfaces. Tests vere
conducted to determine the amount of radiocactive material volatilized by
passing a high temperature, high veloelty flame over contaminateé sg~ples.
In the investigation the burner was passed cver twenty contaminated
sazplys and the smoke particles and volatilized materials wvevre col-
lected on filter papers.

3.1 Contamination of Samples

Pour methods were employed in the contaminetion of the test samples
with a sea water contaminant containing mixed fission products.

Method A - The samples were hLeld vertically in a spray bcocth and
sprayed for 2 sec with contaminated sea water*. The semples were force
dried in & vertical pesiticn in the apray booth dryer.

Method B -~ The samples were contaminsted wi+th 1.1 millicuries of
colution by pipetting about 10U dreps cver their surfmces. The isotople
mixture and prrpertions were the same as Method A. The sarples were 1z a

horizontal position <herz ccocntaminated ard remained so while <hey dried in

= ) (9% Wke’ a5 5
The figsion product mix*ures was ccomnosed of Sr- -on, 27, and Hbgb,
assnyed at W Leay 476 mixed in 107 1ﬁwuf sea wggez.- Thg vrepertions
a7 these Lsotopeg were: und ‘QC~]5%, TIL1s%, 0377 and Ny -15%.
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Method C - The ssmples were beld in a horizomtsl plane in the
spray booth and sprayed from above. The spraying time was b sec/
semple. The contawimant wes a mixture of Bro0-YOC in sea water, which
resulted in a solution activity of 0.6 microcuries/ml. The samplss
were dried for 1/2 hr while in the horizontal position in the sprey
booth dryer.

Method D - The samples were contamimated by dipping them face
dovn iv s sdallow tray of contamimated solution. This solution was the
samo as used 1n Method C. ﬁeu-plum'eplacedinl/atollhiz}.of
this solution and allowed to soak for a 30~-sec period, face dowm. This
soaking was followed by a 30-sec 4rain period, face up, and then the
samples vere dried far 30 min, face up, i the spray booth dryer.

3.2 Flame Treatment

The samples wvere {leme~treeted in a vacuim hood comnected to a
U. S. Air Force Turbo-super Compressor Collector Unit using a 12 in. by
13 in. Type H-6C filter paper to collect the contamimated smoke. The
alr flov-rate through the unit, witk the filter paper in place, was 100
cfn and wvas sufficietit Yo drav the contaminatsd merosols gensrated in-
side the vacuum hood thrcugh the filter pag:er(a). Three nethods of
fleze treating were used,

Method X - The swaples were treated vith an rcetylene air-
induced burper (Ho. 11, Table 1). The burmer produced a 2-in. wide
flazme which was oscillated acrose the sample at a linear mate of & or
5 ft/min.

Method Y - Treated vi*h a b-in. ribbon oxy-propane burner (Ns.

G, Table 1) at a linear rste of approximately &4 to § . ./min.

I R . - ]
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Method 2 - Treated with a propane air-induced torch or dburner
{Jo. 11, Table 1). This torch vas used with an oscillating moticn as
in Method X. The samples were counted (monitored) on a laberatory
type scaler with a i2 in. by 12 in. gas flow proportional probe. A
distance of /2 in. between probe window and sample was meinta.ned with
suitable spacers. Each sample, standard, and background ware counted
three ..mes. Filter papers with an aluminum sheet metal backing were
counted in the same manner. A blank (uncontaminated) sheet of filter
paper was counted for background. Air samples taken at the exhaust
of the turbo-compressor during each burner operation showed that ‘all
of the contamination was being collected on the filter paper.
3.3 Test Results

The results of the airborne hazard tests are given in Table 12.
The table shows that for uniformity and ease of operation the dip
method of contamina“ing samplec (MethodD ) was far superior to the
spray or drop methods. The spray method was unsatisfactory because
the deposit of large droplets of contaminant made it difficult to ob-
tain reproducible resuits. The drop method produced a series of very
"not" spots over the sample ares, and was very time consuming. The
dip method, where the samples were contamingted by placing them face
down in an cpen tray because it produced uniform results, geve o higher
contanination rate, rejuired no speclal apparatus, and reguired less
radicactive eoluticn than the other methods. Table 12 shows that
various woods re<ained different wrounts of liguid contemirant. In

decreasing crder, the contaminant rutiention of the weeds was pine, fir,

sax; and veak, with pine retalning rourhly twice as much of the contaminant
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TABLE 12 Airbcrne Bzzs Zvaluatica
e e

. o eme Dn Jorteminant
Sample Procedure mitit(xb FLiter PaPeT perp<-ad on
Size Contsmina- Flame Coumtia, P Coumt Pagper

Sample Material (in.}) tion Treating {c/m x 107°) (c/m x 107°Y (%)

HP 1 Pir 12x10x2 A X 6.84 2.19 0.3
2 Teak A X 5.60 15.3 2.5
3 Concrete B X 4c.6{v) 8=.3 1.87
k Asphalt B X 8.4/b) 292. 6.3
5 PTir 12x3-5/8 c Y 2.35 .11 T.L7

x1-5/8
6 Teak o4 Y 2.05 2.93 1l.k2
T Pine c Y 3.28 15.75 3.1(c]
8 Oak o Y 1.62 1.13 3.7C
9 0O=ak D Z Q.77 D08 e.oT
10 Pir D z 1.21 9.7u c.62
11 Pine D yA 1.08 9.09 0.28
12 Teak D 7, 0.7% .00 1.35
13 Pipe D z 5.20 2.23 .53
8 Pir D z kX .17 .76
15 OJak D z 3.3h i.51 0.L5
16 Tesak T A 2.90 .52 1.€2
17 Teak: D yA 2.15 2.18 1.15
18 Pine r yA .92 C.53 C.il
19 Pir D z 2.00 c.& 0.27
20 Oak D A 2.50 .1k 0.05

{(a) All counting data are averaged fraz ‘hree valwes vhich included
the background count.

(b) These samples were only messureadbie on —he raie Deter. Their
unita are micro arps.

{(c) Fire incide hood caused additional contsmimat:ion o e colliecten
on filter paper.

35
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as did tesk.

In all cases, only a small percentage of the radiocactive con~
taminsat froﬁgfhébsample became airborneiﬁyﬁthe action of ithe flames.
Table 12 shows-that tﬁe maximm caught on the filter papers was 6.03
per cent and the minimm was 0.05 per cent. The amount of contaminant
removed from the wood samples by the flame decreased from teak to fir,
pine, and oek. In several cases over ten times more contaminant was
removed from the teak than fromt the pine or oak. It is believed that
this difference in removal was a function of the presence of volatile
oils or resins which were easily driven off when the wood was ﬂeated
(teak 1is an "oily” wood). Similarly it was found that more contani-
nant was evidently carried off with the volatilized oils and smoke from
the asphalt. 1n generul, it appears that regardless of the material,
more contaminant will be carried off by "oily" or easily volatilized
surface materials, and furthermore the volatility of the surface mat-
erial (which acts as a carrier), and not the radicactive contaminant,
is the determining factor.

These tests indicate thet the magnitude of the radiological
airborne hazard is not as great as was anticipated. [Towever, since
airborne material was detected it may be assumed that the radiological

airborné hazard will increase with higher specific surface activities.

4. The Field Model Flaminator

This Flaminator is an experimental field model designed fcr
use cn vood, asphalt and concrete surfaces. Its design was based on

thw experience ralped frem the laboratory Flaminator already described.

38
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The fileid model employs oxyger-propane burners, various surface remnval
tools and 2 vacuum pick-up uuit to collect dust and particulate matter

removed from tte surface. Standard equiprent was used wvherever possible

in the experimental field model to-expedite its comstructisn and to re-
duce the cost of the unit. ”

The unit wvas designed for the use of four types of surface
removal tools. These types were (1) wire brush for wcod and concrete,
(2) Tennant Revo-tool for wood and concrete, (3) sander for wood and,

(4) scraper for asphalt surfaces.
4.1  Design Details '
The prinzipal components of the field model Flaminator are the

chasgis, burners, surface removal tools and the vacuun pick-up

agzembly.
k.1.1 Chassis

A Buda Chore Boy, ¥odel FH, (Fig. 9) formed the chassis for the
Thie vehicle has a load capacity
¢t is powvered ty a 10-hp

experinental field model Flaminator.
of 2,000 1b and a total Geck area of Z0 sq ft.
gascline engine through a double-cone clutch which permits forvard and
reverse travel. A 20 to 1 gear reducer and a No. 4 dry-type Pullmore
clutch were mounted on the wvehicle to permit two speeds, an operating
speec of 10 to 24 ft/mia and a maneuvering speed of 5 to 10 mph.
%.1.2 Burners

The oxy-propane burners (Fig. 1C) were made by rebaring standsrd cxy-
ac‘etylene descaling nozzies as described in the laborzstory Flaminator sec-
tion. Five such notzles vwere used, 3 eiandard 6-in. segments and 2

standard 4-in. segments, to produce ar cver-all flarme widih of 28 in.
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Stapdard oxy-acetylene nixers and Zittings were used. The burners were
mounted on inéividusl sleeve bearings on a8 comnon shaft which permitted
each burner + . pivot when it was used on irregular surfaces. A stainless
steel hood wvas mounted over the burners to confine the flame and heat %o
the surface being treated. This hood was also pivotel on i vurner
shaft and the complete unit (burners and hood) was mounted under the
chassis as shown in Fig. 11. A cable-controlled cam “sas provided to
raise the buraer and hood urit vhen it was not in use.

The burners vere ign‘ted with a rewmote comtrol aspark igniter.

Exhaust fumes from the burners were discharged approximately 4 £t
above the operator's head through a 3-in. flexible hose and rigid tube.

h.1.3 Surface Removal Tools

The pover for driving the four types of surface removal tools vas
furnished bty a 2-cylinder b-cycle air-cooled, Model TF Wisconsin engine
vhich is rated at 9.9 hp at 160D rpm and 12.6 hp at 2200 rmm. The cngine
wvas mounted on the chassis and the surface removal tools vere connected
through chain linkage. The position of the surface removal tools relative
to that of the burner is shown in Pig. 12.

(a) Wire Brush

Three different wire brushes were used on the experimental
field model Flaminator, & sciid-fill (ype, a :mot type arnd the Tenrant
These brushes are shown in Pig. 13. The so0lid-fill and xmot tyre brusbes
corsisted of an assembly of a sufficient pumber of standard buffing

brushes oz a 1 1/2-in. shaft to give the desired width of 28 in. A

"' - s . ry
Manufactured by G. H. Tennant Co., {for use on their floor refinishing
:machines.
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Ce Tennant

Fig. 13 Tyvpes of JWire Brushes Used with the Fleld
¥odel Flaminator
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special adapter sleeve on this shaft wvas required for tre Teunant Brush
wkich was only 15 in. wide.
(%) Revo Jools

The Revo-tools are manufactured by the G. H. Tennant Cosmpany
for use on a floor resurfacing machine. They are 8 in. in diameter and
15 in. long. The cutting vheels, approximately 2 in. in diameter, fit
loosely on the shafis and as the entire assembly rotates, the cuvters
spin and bounce to give a cutting and pounding action. These Revo-tools
are made with three types of cutters. The sharp ¥o. 1 cutter is designed
for cutting either concrete or wood. The blunt No. & is for pulverizing
work and the intermediate No. 9 1s designed for general all-round vork.
The No. 1 and No. 4 cutters, shovn in Pig. 1k, were tested on both wood
and cor-~rete surfaces prior to the design of the Flaminator. It was
decided to use the No. b because the cutting wheels cn the No. 1 broke
very readily on concrete surfaces. The Revo-tools fit on the same sleeve
shaft 23 the Tennant wire brush.

(c) Sanding Drum

A Tennant sanding drum’ was also ased with the experimental

field model Fleminator. The sanding drum wvas intended for use only on wood
surfaces.

{d, Asphalt Bceraper

An asphalt scraper waz designed for use on Zlame softened

asprnaitic. This screper attaches to the rear of the Flaminator afier re-

moval of the brush shaft and drive systenm.

[ 3
Manwactured by G. H. Tennant Cc., for use on their floor refinishing
machires. '
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L.1.4 Vacuum Pick-up Assemoly

The American Air Pilter, Model D, Rotoclione shown in Fig. 15 wae
used as the vacuum pick-up unit. This unit 1s designed to collect the
waste material in a drawer (Fig. 15a) ard to discharge clean air throuch
the filter. Becausc th2 standard filter for this unit (Pig. 15b, right)
vas ineffective in removing airborne contaminant, the depth of the filter
compartment was modifie. <o accommodate a type M-6 Chemical Corpa filter
shown at the left of Fig. 15. The electric motor wvas removed from the air
filter unit and modifications were made to drive the impeller at 5,200 rpm
by a V-belt from the Wisconein Engine. When operating at this speed the
air filter had a cspacity of 600 to 70O cfm and drew from 7 to 8 in. cf
wvater; however, vhen the engine was loaded by the surface reaoval tools.
the blower speed was reduced tc approximately 3,800 rpm. At this speed
the air filter had a capacity of 500 to 500 c®m and drew from 4 to 6 in.
of water. The blower is connected to the hood around the surface removal
tools by « 5 in. flexible metal hose as shown in Fig. 16.

4.1.5 Control Instrur_nts

The coperation of the experimental field model Plaminator was
controlled by instrumer*s located on a panel near the opera“or as skown
in Pig. 17. Levers for raizing and lowering the burners and the surface
removal tools were conveniently loca%eﬁ‘ﬁf'fggugzéht of the operator's
seat. The control panel contained the following instrumenta: oxygen and
propane pressure gauges, Tlowmeter for registering total flow of propane,
golenoid valve switches for oxygen and propane, a spark igniter switch,
pyrometers, Flaminator speed irdicator, and such sauxiliar: engine
instrumente as tachometer, ameters and starter switch.

14
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The oxygen ard propane lines are comnecied to a manifold at the
rear of the Flaminator (Pig. 17). Individuel control valves are pro-
vided for regulating the gas flow to each of thc burners. After adjusting
tmnmdmmmwmmmmmmmmm

tm-nthem-onandorfvithﬂnaolenommmheaatthacontrol
panel.

Arproved by:

E‘R’JW ‘

E. R. TOMPEIRS, Head
Chemical Technology Division

For the Sedentific Director
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